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IHRRE-DIMENSIONAL IMAGE MEASURING APPARATUS 



Technical Field 

5 The present invention relates to a three-dimensional image measuring apparatus, 

more particularly, to a three-dimensional image measuring apparatus in v^ch when 
measuring a three-dimensional image of a measuring object, a grating image is distributed 
and thereafter the distributed image is scanned alternately to a side and the other side of the 
measuring object, thereby capable of removing a shadow region generated when measuring 

10 the three-dimensional image. 

Background Art 

A conventional art relating to the three-dimensional image measuring apparatus is 
disclosed in U.S. Patent No. 4,794,550(filed on October 15, 1986, applicant: Eastman 
15 Kodak Company), which will be described hereinafter in accordance with an 
accompanying drawing. 

FIG.1 is a construction view of the three-dimensional image measuring apparatus 
in accordance with a conventional art. As shown in FIG 1, light generated from a light 
source 1 is bradiated as horizontal light beam la having a period "d" of the grating image 
20 onto a surface 9 of the measuring object through a grating 2, which is moved toward "a" 
direction of an arrow by a grating transfer member 4, and a lens 3. The bradiated light is 
scattered by angle lb and irradiated to a camera 7 having an image sensor 6 through a lens 
5 and then a sample image is obtained. The obtained sample image is processed by a 
computer 8 and then a three dimensional image of the surface 3 of the measuring object is 
25 obtained and then the obtained three dunensional image is displayed by a display device 8b. 
Here, a keyboard 8a is used for inputting several information in order to measure moire 
pattern. 

As described above, there are several disadvantages that when measuring the three 
dimensional image by using the conventional moire pattern, there is a shadow region. 
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which is impossible to measure, at an arbitrary position of the measuring object, so that the 
three dimensional image of the measuring object can not be measured precisely. 

Disclosure of the Invention 
5 Accordingly, it is a primary object of the present invention to provide a three 

dimensional image measuring apparatus in which when measuring a three-dimensional 
image of a measuring object, a grating image is distributed and thereafter the three 
dimensional image changed by the measuring object is obtained by scanning the 
distributed image by N times to a side and the other side of the measuring object, thereby 
10 obtaining three dimensional image, so that a shadow region is removed, thereby capable of 
more improving measuring precision of the three-dimensional image. 

Another object of the present invention is to provide a three dimensional image 
measuring apparatus in which a projection portion and a 3-dimensional camera are 
arranged on a straight line, thereby constructing the three dimensional image measuring 
15 apparatus more compact 

In one aspect of the present invention, to achieve the above-described objects of 
the invention, there is provided a three-dimensional image measuring apparatus 
comprising: an XYZ shaft transfer means mounted onto a base member; a work stage 
mounted to the base member, for moving a measuring object to a measuring position and 
20 thereafter supporting it and having a predetermined reference surface set at a side thereof; 
an image obtaining means in which it is moved toward X,Y and Z shafts by the XYZ shaft 
transfer means, scans a grating image by the frequency of N times to a side of the 
measuring object supported and fixed to the work stage, obtains the changed grating image 
by the measuring object by N times and alternately, scans the grating image by the 
25 frequency of N times to the other side of the measuring object, obtains the changed grating 
image by the measuring object by N times; a light emitting means mounted to a side of the 
image obtaining means for generating and emitting light with a predetermined wavelength; 
and a control unit which, by controUmg the work stage and the XYZ shaft transfer means, 
irradiates light generated from the light emitting means mounted to a side of the image 
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obtaining means to the reference sxirface set the side of the work stage, thereafter receives 
the reflected light image through the image obtaining means, measures a vertical distance, 
thereby maintaining a focus distance between the measuring object and the image 
obtaining means constantly, and receives the changed grating image obtained from the 
5 image obtaining means, thereby producing the three-dimensional image. 

The image obtaining means comprises: a projection portion which produces a 
grating image through a light source emitting light and a diffraction grating, in which it is 
installed to a lower side of the light source for receiving the light emitted from the light 
source and moved by a grating transfer apparatus, and penetrates the produced grating 

10 image through a projection optical system installed to a lower side of the diffraction 
grating; a distributor, which is installed to a lower side of the projection portion, distributes 
the grating image irradiated through a projection optical system of the projection portion 
through first and second mirrors transferred by a mirror transfer apparatus and distributes 
the grating image through third and fourth mirrors which are installed to be horizontal to 

15 the left/right side of the first and second mirrors and first and second filters; and an 
imaging unit which is installed to a lower side of the distributor, reflects horizontally the 
changed grating image in which it is penetrated through the first and second filters of the 
distributor and irritated to the measuring object and then reflected, through an imaging 
mirror, and obtains the changed grating image through an imaging lens and an imaging 

20 device to a camera. 



Brief Description of the Drawings 

The present invention will become better xmderstood with reference to the 
25 accompanying drawings which are given only by way of illustration and thus are not 
limitative of the present invention, wherein: 

FIG 1 is a construction view of a three-dimensional image measuring apparatus in 
accordance with the conventional art; 

FIG 2 is a perspective view illustrating the entire construction of a three- 
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dimensional image measuring apparatus in accordance with the present invention; 

FIGs. 3 and 4 are construction views of an image obtaining apparatus shown in 

FIG. 2; 

FIG 5 is an enlarged perspective view of a distributor shown in FIG. 3; 

FIGs. 6 and 7 are views illustrating an embodiment of the distributor shown in 

FIG 3; 

FIGs. 8 and 9 are views illustrating another embodiment of the distributor shown 
in FIG 3. 



10 

Rest Mode for Carrving Out the Invention 

A three-dunensional image measuring apparatus in accordance with preferred 
embodiments of the present invention will now be described in detail with reference to the 

accompanying drawings. 

15 FIG 2 is a perspective view illustrating the entire construction of a three- 

dhnensional image measuring apparatus in accordance with the present invention. As 
shown in FIG 2, a work stage 20 is installed to an upper portion of a base member 30, an 
XYZ shaft transfer apparatus 10 is installed to an upper portion of the work stage 20, an 
hnage obtaining apparatus 40 is installed to the XYZ shaft transfer apparatus 10 which is 

20 freely moved toward X, Y and Z shafts for measuring a three-dimension image of a 
measuring object 100(shown in FIG 3), and a control unit 50(shown in FIG 3) is installed 
to a side of the base member 30 for entirely controUing the image obtaining apparatus 40, 
the work stage 20 and the XYZ shaft transfer apparatus 10. 

Any one between a linear motor or a ball screw is adapted as the XYZ shaft 

25 transfer apparatus 10 in order to transfer the image obtaining apparatus 40 toward X, Y and 
Z shafts, respectively. The work stage 20 which transfers the measuring object 100 to a 
measuring position, as shown in FIG 2 to FIG 4, comprises a first guide 21, a second 
guide 22 and a guide transfer apparatus 23. 

The first guide 21 is installed to the base member 30 to be fixed and has a 
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predetermined reference to a side thereof. The reference surface is set at an arbitrary 
position properly from an upper portion of the first guide 21 or an arbitrary position of the 
base member 30 so that the image obtaining apparatus 40 may receive light. The second 
guide 22 is installed in order to be transferred according to the size of the measuring object 
5 100 on the basis of the first guide 21. For transferring the second guide 22, the guide 
transfer apparatus 23 is installed that the first and second guides 21 and 22, respectively, 
are crossed at right angles. The ball screw 23b adapted with a motor 23a is adapted to the 
guide transfer apparatus 23 and a motor 24a and a belt 24b are installed respectively at the 
insides of the first and second guides 21 and 22 for transferring the measuring object 100. 

10 The control imit 50 first checks v^hether a focus between the measuring object 100 

and the image obtEiining apparatus 40 is correct, for measuring the measuring object 100. 
For this, the control imit 50 generates a light having a predetermined wavelength to a 
predetermined reference surface set a side of the work stage 20 by a light emitting 
apparatus 48 in which it is installed to a side of the image obtaining apparatus 40, that is, 

15 when seeing the image obtaining apparatus 40 from Y shaft direction, it is seen at a front 
side. 

A laser pointer is used as the light emitting apparatus 48 for generating the light 
having a predetermined wavelength. Before measurement of the measuring object 100, the 
control imit 50 irradiates the Ught generated from the light emitting apparatus 48 to the 

20 reference surface, receives the reflected light image through the image obtaining apparatus 
40, calculates a vertical distance between the reference surface and the image obtaining 
apparatus 40, and controls the distance of Z shaft direction of the image obtaining 
apparatus 40 by controlling the XYZ shaft transfer apparatus 10 according to the result, 
thereby maintaining the focus distance of the measuring object 100 and the image 

25 obtaining apparatus 40. 

When the focus distance between the measuring object 100 and the image 
obtaining apparatus 40 is maintained constantly, the control unit 50 measures the three- 
dimensional image by controlling the image obtaining apparatus 40. For this, the control 
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unit 50 first transfers the image obtaining apparatus 40 toward X,Y and Z shafts by 
controlling the XYZ shaft transfer apparatus 10 and then transfers it to the measuring 
object 100 supported and fixed to the work stage 20. When completing the transfer 
procedure, the image obtaining apparatus 40 scans a grating image to a side of the 
5 measuring object 100 by N times, obtains the grating image changed by the measuring 
object with N times, alternately scans a grating image to the other side of the measuring 
object and obtains the grating image changed by the measuring object with N times. 

The control xrnit 50 receives the changed grating image that it is altemately 
scanned to a side and the other side of the measuring object 100 in the image obtaining 

10 apparatus 40 by N times and obtained, thereby producing the three-dimensional image of 
the measuring object 100. Here, the control unit 50 scans altemately grating image to a 
side and the other side of the measuring object 100 by N times by controlling the image 
obtaining apparatus 40, thereafter receives the changed grating image to the respective 
grating image and measures the three-dimensional image of the measuring object 100, so 

15 that more precise three-dimensional image is obtained by removing the shadow region. 

A construction of the image obtaining apparatus 40 which scans altemately to a 
side and the other side of the measuring object 100 and thereafter obtains the changed 
grating image will be described with reference to the accompanying drawings of FIGs 3 
and 4. 

20 FIG 3 is a construction view that the image obtaining apparatus is seen at a front 

surface from a Y shaft direction. FIG 4 is a construction view that the image obtaining 
apparatus is seen at a front surface from an X shaft direction. As shown in FIGs 3 and 4, 
the image obtaining apparatus 40 can be constructed compactly as an outer case 40a of the 
image obtaining apparatus as depicted by a dotted line. That is, the obtaining apparatus 40 

25 comprises a projection portion 41, a distributor 44 installed to a vertical lower portion of 
the projection portion 41, an imaging imit 45 installed to a vertical lower portion of the 
distributor 44. 

The projection portion 41 produces a grating image through a light source 41a 
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emitting light and a diffiraction grating 41b which is installed to a lower side of the light 
somrce 41a for receiving the light emitted from the light source and moved by a grating 
transfer apparatus 41c, and penetrates the produced grating image through a projection 
optical system 41d installed to a lower side of the diffraction grating 41b. The grating 
5 image penetrated through the projection optical system 41d of the projection portion 41 is 
transferred to the distributor 44. Here, a liquid crystal dif&action grating can be adapted as 
the diffraction grating 41b and a PZT(piezoelectric) actuator is adapted as the grating 
transfer apparatus 4 Id. 

The distributor 44, which is installed to a lower side of the projection optical 

10 system 41d of the projection portion 41, distributes the grating image irradiated from the 
projection optical system 41 d through a grating image distributing mirror 42, which 
comprises first and second mirrors 42a and 42b, transferred by a mirror transfer apparatus, 
then penetrates the grating image to the third and foxuth mirrors 44a and 44c which are 
installed to be horizontal to the left/right side of the first and second mirrors, thereafter 

15 filters by first and second filters 44b and 44d which are installed to the respective lower 
sides of the third and fourth mirrors 44a and 44c, and then scans to a side and the other side 
of the measuring object 100 by N times, respectively. 

The grating image scanned to the measuring object 100 forms the changed grating 
image by the measuring object 100 and the changed grating image is received to the 

20 imaging unit 45. The imaging vmit 45 is installed to a lower side of the distributor 44, 
reflects horizontally the changed grating image, in which it is penetrated through the first 
and second filters 44b and 44d of the distributor 44, scanned to a side and the other side of 
the measuring object 100 by N times, respectively, and formed through an imaging mirror 
45a, and obtains the changed grating image through an imaging lens 45b and an imaging 

25 device 45c to a camera 45d. Here, the camera 45d obtains the changed grating image of the 
measuring object 1 00 with 2 X N frames and transmits it to the control unit 50. 

The control unit 50 obtains phase values by using the respective transmitted 
changed grating image, and by using the changed gratmg image obtained from a side and 
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the other side of the measuring object 100 and removes the shadow legion and saturation 
region by the obtained phase value, thereby capable of measuring three-dimensional image 
more precisely. 

In order to obtain a precise three-dimensional image of the measuring object 100, 
5 in the grating image distributing mirror 42 for distributing the grating image, as shown in 
FIG. 5, the center lines of each inclined mirror surface of a first mirror 42a and a second 
mirror 42b are crossed, contacted and formed. A grating image is scaimed to a side of the 
measuring object by the first mirror 42a by N times and thereafter, it is transferred to a Y 
shaft direction by the mirror transfer apparatus 43 and a grating image is distributed and 

10 scanned to the other side of the measuring object 100 by the second mirror 42b by N times. 

As an embodiment of the grating image distributing muror 42, as shown in FIGs 6 
and 7, a triangle mirror 46 in which first and second mirrors 46a and 46b are formed the 
respective inclined surfaces can be adapted. By the first mirror 46a, the grating image is 
scanned to a side of the measuring object 100(shown in FIG. 3) by N times through the 

15 third mirror 44a and the first filter 44b and thereafter, the triangle mirror 46 is transferred 
toward an X shaft direction by the mirror transfer apparatus 43 and the grating image is 
distributed by the second mirror 46b and the distributed grating image is scanned to the 
other side of the measuring object 100 through the fourth mirror 44c and the second filter 
44d by N times alternately. 

20 As another embodiment of the grating image distributing mirror 42, as shown in 

FIGs 8 and 9, a rotation mirror 47a can be adapted. By the rotation mirror 47a, the grating 
image is scaimed to a side of the measuring object 100 through the third mirror 44a and the 
first filter 44b by N times, and thereafter as shown in FIG, 8, the rotation mirror 47a is 
rotated with a predetermined angle by a rotation member as a galvano mirror meter 47b 

25 (shown in FIG. 9) and the grating image is distributed by the fourth mirror 44c and the 
second filter 44d and the distributed grating image is scanned to the other side of the 
measuring object 100 by N times. Here, one among an air cylinder, a linear motor and a 
ball screw is adapted as the mirror transfer apparatus 42a, as a straight movement member. 
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for moving the grating image distributing mirror 42. A galvano mirror meter is used as a 
rotation apparatus 47b which is used as a rotation member for rotating the rotation mirror 
47a. 

As above, when measuring the three-dimensional image of the measuring object, 
5 the grating image is scanned to a side and the other side of the measuring object by N times 
alternately, and then changed grating image is obtained, so that the shadow region and 
saturation regions are removed by using phase values obtained from a side and the other 
side respectively, thereby capable of measuring three-dimensional image more precisely. 

10 Industrial Applicability 

As described above, there are advantages tiiat the grating image is scanned to a 
side and the otiier side of the measuring object by N times alternately, and tiien changed 
grating image is obtained, so that the shadow region and saturation regions are removed by 
using phase values obtained from a side and the other side respectively, thereby capable of 

15 measuring three-dimensional image more precisely, and a projection portion, a distributor 
and an imaging unit are arranged on a straight line with vertical direction, thereby 
constiiicting the three dimensional image measuring apparatus more compact. 



